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SLIDE 1

LABORATORY AND OBSERVATORY FACILITIES

This presentation will cover two major areas, payload planning and commonality
analysis. 1In order to provide a basis for station design studies, we had to
plan how the experiment and research program which the station should be
capable of supporting. Once these candidate payloads were identified, we
attempted to determine how they could be accommodated. Through contracted
studies, we have ascertained that a '"common' module approach offers
substantial cost savings, flexibility in scheduling and flight and

an affordable space research program.
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SLIDE 2

EXPRESSION OF INTERNATIONAL NEEDS

The Space Station can be viewed as an international resource which mobilizes
the capability to exploit the space environment for the improvement of human
welfare and the advancement of science. In this regard its functions tend
to group into five major areas of utilization as shown on this chart. It
will be noted that the management function associated with this facility

is a large and complex one requiring the best techniques of management to
assure that all user needs are met effectively and efficiently. Broad
opportunties for international participation in research and development of
the station, experiment modules and in the experiment and research program

are apparent.
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SLIDE 3

W ADVANCED EXPERIMENT PROGRAM PLANNING

? This slide depicts the method by which experiments are selected and grouped

| in order to develop candidate payloads for design studies. Ideally, this
match of payloads to spacecraft designs would be so perfect that all the
major objectives of advanced payloads planning would be met, including the
goals and objectives of the total research/experimentation program. Actually,
this process is an imperfect one, thus we have had to develop a method
vhereby we could do agency-wide payload planning and produce products useful
for both design studies and utilization studies. This method is called the

Integrated Payload Planning Activity, (IPPA).
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SLIDE &

INTEGRATED PAYLOAD PLANNING ACTIVITY

IPPA is a methodology and as such involves the efforts of a number of people
and organizations - combining the work into a useful process by which the
planaing products can be developed and applied to studies and design effort.
Of the products listed the alternate riyload-mission matches, concept
comparison analyses and cost-schedule-resources requirements have proven most
useful. As design effort progresses beyond the definition phase payload-

mission effectiveness and crew skills-mixes analyses becomes more important.
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SLIDE 5

PRODUCTS OF IPPA

The output of the IPPA activity has led to a series of documents, perhaps

best characterized by the Blue Book, which support the station definition

and aucillary studies. As time progresses, these documents and others to

follow will be revised and updated as necessary to provide the best and

most accurate planning and design data possible.

Yellow Book: Experiment Program for extended Earth Orbital Missions,
September 1, 1969

Blue Book: Candidate Experiment Program for Manned Space Stations,
September 15, 1969

Green Book: Baseline Research and Experiment Program for the garth

Orbital Space Station, April 1, 1970
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SLIDE 6

EXPERIMENT PROGRAM DOCUMENTS

The Yellow and Blue Books described earlier have been followed by a Green

Book which describes the cost and schedule data for the Blue Book. It

serves as the program reference document in terms of depicting the kinds of
experiments and research capabilities we hope to develop for the space station.
At the present time this document is under review and study by the sponsoring
program offices in order to obtain their views regarding estimated flight
priorities, costs and schedules. These comments, when incorporated into the
Green Book, will constitute the initial Agency plan for Space Station
utilization. The international community of users will also be requested to

comment on the Green Book.
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SLIDE 7

CONTENTS - CANDIDATE EXPERIMENT PROGRAM

During the early phases of experiment planning for the space station, a natural

trend to combine experiments into groupings was followed and the term, Functional
Program Element was coined to represent such groupings. The two primary characteristics
of these groupings, or FPE'S are the similar and related demands they impose on the
Space Station for support and accommodation and the interrelated and complementary
contributions they make to the experiment goals and objectives. This listing represent,
the contents of the Blue Book, and corresponds with the major FPE'S used to support

the Space Station design effort.
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SLIDE 8

CONTENTS - CANDIDATE EXPERIMENT PROGRAM

In many cases, the FPE is quite analogous to an entire experiment module or
facility, for example: FPE 5.2 Stellar Astronomy comprises a large 2 to 3 meter
diffraction limited telescope. FPE 5.8 consists of a high energy cosmic ray
laboratory. This comparison though not always a perfect one indicates that some
15 modules or facilities have been identified with the Space Station as candidate

laboratories for use with the statior.
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SLIDE 9

EXPERIMENT STUDY RELATIONSHIPS

This slide depicts the relationships between the definition studies, the
ancillary or supporting studies and IPPA. Note the crozs-feed of experiment
design data and requirements among the several studies. By making the Blue
Book a source document for the experiment portion of these studies, we have
been able to compare the studies from the common thread of the experimentation/

research program.
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SLIDE 10

EXPERIMENT MODULE CONCEPTS STUDY

Mr. Lord hes described this study in an earlier presentation. In this and
subsecuernt discussions one important part of the study-the commonality
concepts analysis will be presented to show how significant cost reduction in

the experiment program can be achieved through the use of common modules.
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SLIDE 11

NASA CANDIDATE EXPERIMENT PROGRAM

The chart shows the NASA Candidate Experiment Program for Manned Space
Stations. All Functional Program Elements (FPE) shown boxed were used

to develop design criteria for experiment module concepts.
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SLIDE 12

EXPERIMENT MODULE CONCEPTS FOR TOTAL PROGRAM

Approximately thirty individual modules were conceptually designed for the
various experiments. This includes alternative configuration arrangements
and, in the case of Earth Surveys, modules designed for different operating
modes Amddmowm@\@m&mowmmv. Shown here are the chosen twenty-one experiment
module concepts that have been individually designed to accomplish the total

experiment program. Module diameter and sidewall dimensions are shown.
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SLIDE 13

COMMONALITY APPROACH

The Commonality Analysis objective is to examine the custom module concepts to
determine if experiment program costs can be minimized through the use of

common mcdules. A common module is defined as one whose configuration and sub-
systems permit it to accommodate any one of a group of FPE considered in its
synthesis. Thus, the degree of commonality ranges from a single concept to
accommodate all FPEs tc custom designed modules for each FPE. The high cost for
custom designed modules is due to the nonrecurring costs associated with multi-
ple development programs. A single module concept minimizes nonrecurring costs
but results in cost penalties associated with the excess capabilities of over-
sized msa\ow overdesigned subsystems. The commonality analysis procedure

identified a minimum in the curve between these two points.
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SLIDE 14
SUBSYSTEM REQUIREMENTS
| - These graphic displays show subsystem requirements for detached operating

modules. The data were used to analyze subsystem requirement levels for

| common modules assigned to groupings of these FPEs.
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SLIDE 15

COMMON MODULE PROGRAM COST

This chart presents a breakdown of major common module program costs versus the
commonality sets investigated in the analysis. It is shown in layer cake fashion

so that the top layer is representative of the program cost.

Module development costs for the Cl set are high because of the difficult tech-
nical problems as well as the large complex module necessary to meet all FPE
requirements. Development costs for the two modules of the C2 set are slightly
less, but the development cost rises monotonically thereafter to that incurred
in a C21 set having 21 separate development programs. The production cost shown
is the total production costs for 21 modules of the appropriate type. The Cl
module sets are again large because of the size and complexity of the module.
Production costs decrease monotonically thereafter as the modules become more
and more tailored to the individual FPE requirements and there is less and less

unused capability.

Launch costs are shown for all expendable vehicles. The launch costs for the




|
|
|
o

1
i

*8aI8 GD-%0 Y} UT SJNOD0 33S STNPOW 3S00 WNWIUTH SY3 SJI0JSISYU3F 38US ‘BOIER D) SU3
UrT UNWIUID JeSU 318 S3800 YOUNBT ayjl Amv pue s39s ATTBUCUWOD J2qUNU SUTSBOIOUT
U3TA UOTIONPSJI 3800 uorjonpoad sfnpow juswtIadxe oyl UBUZF JI93BII3 ST 9STJI 2S00
jusmdoTaAsp aTnpom juswrIsdxs oy3 (T) osnedeq 38U} PSUOBSI 9q LBW UOTSNTOUOD S
*I99J8919Y3 9T3FTT AISA 98BOI09D TTTIM PUB BOI® (D-) U3 UT UMWIUTW-IBSU 9¢ 03 41O
uIng $3809 YOUNBT JYL °S39S L}ITBUOWWOD J9qQUMU-ISUYSTY SY3 UT JI2USTT PUB JISTTBUWS
aWOOSQ SSTNPOW Y3 SB S98BIIOSP 3800 STYJ °*SOTOTYSA YOUNBT aATsuadxs sxrnbag

1USToM PUB SZTS STNPOW aUY3 JO o9snBOaq UYITY AIsA oI £995 A3TTBUOUWOD JSQUNU=-MOT

: (pPonUTUOD)  IS0D WY¥DOMd EINAOW NOWWOD




klo)eloqe| “eip °}) G| ‘payaeny
¥ 'ON 3INAOW NOWWOJ

’ 4 »
- ﬁ'!
LR

P Y S\ IS

-

T Py

R S

A10jeloqe| ‘ejp “}j 77 ‘poyICNY
€ 'ON 31NGON NOWNKOY

L] Bty

yun voisjndosd ‘payaelag
¢ 'ON 3TNAOW NONWO0J

PR,

0P Y S N\

UOISIAIG 118AUO))
SOINWVNAQ TveaNaD

g-mo| ‘sunjuiodaulj ‘payaeleq
| ON 3TNGOW NOWWOJ

NOUREj e °}) £9

LIS A INNdON NOWNOO "IVLLINI

44




SLIDE 16

INITTAL COMMON MODULE SET

The initial common module set of four shown has the capability of implement-
ing the Candidate Experiment Program used as a baseline input to the study.
Nine of the No. 1 modules, two of No. 2, four of No. 3, and six of No. 4 were
required. The first module,caters to fine-pointing and low-g requirements in
a detached mode. The second provides long term, low-level acceleration thrust-
ing for a category of fluid physics experiments in a detached mode. The third
and fourth house experiments cperated in an attached mode and vary in size and
configuration. The 22-foot diameter module was sized by experiment equipment

dimensions.
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SLIDE 17

COMMON MODULE SENSITIVITY

The common module set derived during the first portion of the study effort
was subjected to sensitivity analyses aimed at driving down costs. The
items listed on the chart represent areas examined during the analyses.

This resulted in the revised common module set to be described later.




ANOLVYOSY QIHOVLLY AYOLVHOSY QIHOVLLY  AYOLVAY¥ISEO0/8V7 JINC0W NOWWO)
ININLS'4NOD TVNA  INIWIYVAINCD TTONIS INIAT4-3344

Q)
’ QY N ¢
3 PR STSIDY
.%0’ M.Jx\”l#/./.”.%%% \s% ../Il”
ST/ PSS/
RS T ETINT/'TFO oo
S S/ NI, ST TSNy
ST/ TN TR TN IS D
S T I IINEYEIN/IXIYNIVNEIN
" " .
2P} g1 " m 0l
i 8
speojked |eaLipuljky ' : 0 mtv
210N “ " 0¢  Widua)
B il
m | op youne]
1
m : oc SINPON
Y1Bua7 udisaQ aMYS- ~ = - - - - .m uuuuuuuuuu m. ||||||||||||| 4109

SATOIHAA HONNV'T NO
SINFNAYINO®OTY HIONAT ATNAON INFNIYAIXA

UOISIAIQ 11eAUOD)
SOINWVNAQ TVEENED




%

SLIDE 18

EXPERIMENT MODULE LENGTH REQUIREMENTS
ON LAUNCH VZHICLES

Experiment module lengths are shown. All are within the current shuttle bay
design length of 60 feet and diameter of 15 feet. The common module outside

diameters are 1k feet, seven inches, with a pressure shell diameter of 1k

feet.

Sensitivity analysis caused a reduction in the number of module concepts from

21 to 15.
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SLIDE 19

EXPERIMENT MODULE WEIGHT REQUIREMENTS ON
L..JNCH VEHICLES

Launch weight estimates are provided for each experiment module. It should be
noted that a 10% pad and a 30% growth factor was assumed for module subsystems
and structure during this phase of the study. These weights are based on
shuttle or internal fairing-type launch with no allowance for launch shrouds
or adapters. Several modules are noted to exceed the shuttle design payload
capability of 25,000 pounds suggesting a mix of shuttle and expendable launch
vehicles. Further design and analysis may also provide innovative techniques

for weight reduction.
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SLIDE 20

REVISED COMMON MODULE SET

The free-flying common module CM-1 will accommodate experiment groups requir-

* ing detached operation.

The propulsion slice contains no subsystems cther than the propulsion and en-
closing structure. This slice would be attached to the experiment bulkhead of
common module CM-1 for performance of the free-flying FPE 5.20 fluid physiscs

experiments.

The CM-3 common module is a single-compartment lab module that docks and remains
attached to the Space Station, which provides electrical power and environment
gases to the module through the interface. Construction 1s similar to the other

two common modules.

The CM-L is similar in diameter and ccnstruction to the other two common modules.
It is a two-compartment lab module which docks and remains attached to the Space
Station. The experiment groups accommodated have larger volume requirements

than those assigned to CM-3.
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SLIDE 21

COMMON MODULE CM-1

The free-flying common module (M-1 will accommodate any of the seven experiment
groups listed. All these experinents are mounted on the end pressure bulkhead
except the materials science and processing chamber, which is mounted on the

side wall frames. Subsystems are mounted adjacent to the docking bulkhead and

may be thermally shielded from the experiment components.

Basic structural shell, hatches, docks, and bulkhead attachments are similar to
the other two common modules. Manned IVA access to critical subsystems compon-
ents such as star trackers and drive motors for the solar cell arrays and bar

electromegnets, is inherent to the maintenamce design approach.

Modularization of subsystems allows the matching of performance capabilities
with experiment requirements. In the case of the three-meter telescope shown, a

stringent complement of module subsystems is required.

Single-degree-of -freedom solar cell panels may be retracted for clearance during

Space Station docking operations.
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SLIDE 22

PROPULSION SLICE

‘ The propulsion unit contains no subsystems other than the propulsion and en-
closing structure. This slice would be attached to the experiment bulkhead

| cf common module CM-1 for performance of the free-flying FPE 5.20 fl.oid physics

experiments.

Thrust is provided by two gimballed engine clusters of hydrazine engines (3)
and resistojet engines (1). Thrust levels are fixed. Tankage is provided

for hydrazine, ammonia, and helium.

Structure consists of an outer shell with insulation and meteoroid shielding,

a central five-foot-diameter access tunnel, and an end dock.
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SLIDE 23

COMMON MODULE CM-3

The CM-3 common module is a single-compartment lab module that docks and re-
mains attached to the Space Station, which provides elecirical power and
nvironment gases to the module through the i.terface. Construction is

similar to the other two common modules.

Two CM-3 modules are required for the cosmic ray experiments: one for the
control center and one for the experiment bays. The other experiment groups
require docks at both ends of the module, utilizing commonality of appropriate

structures.

Unique to this lab module is a tunnel within the module which can be used as

an airlock between the module and space station.
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SLIDE 24

COMMON MODULE CM-k4

The CM-4 is similar in diameter and construction to the other two common
modules. It is a two-compartment lab module which docks and remains attached
to the Space Station. The four experiment groups accommodated include the
alternate biomedical group of experiments. These experiment groups have

larger volume requirements than those accommccated in CM-3.

A major configuration driver for CM-4 is the Component Test and Sensor
Calibraticn experiment grcvp. This experiment group results in the reynire-
ment for a tunnel airlock and seven-foot-diameter hatch in the second
compartment, which adds considerable structural weight and complexity. The
hatch is used in the RMS module application, however, as a launch opening
for the subsatellites. Volumetric requirements for the earth surveys experi-

ments are another major driver.

GPO 893-355
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